K  AD-Allfl  S23 


VSE  CORP  OXNARD  CA 
RELIABILITY*  MAINTAINABILITY* 
JUL  62 


AVAILABILITY J  THERMAL  EFFIClENCYl- 
N00123-B2-D-Om« 

-  — -  NL 


13/2 
'“ETC  (U) 


UNCLASSIFIED 


NCEL-CR-82.029 


AD  A118523 


• r 4?, 


SECURITY  CLASSIFICATION  or  TUI!  PAGE  (When  Dorm  falwg 


(  REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

i  tacajujrcmj^— 

S.  RECIPIENT'S  CATALOG  NUMBER 

*  T,Tte'"'5*'‘ . '  Reliability,  Maintainabillt, 

Availability;  Thermal  Efficiency;  and 
Cost  Effectiveness  Evaluation  of  Naval 
Station  Mavnnrt  H*»at.  Rprnvprv  Inclnpratn 

».  TYRE  OF  REPORT  A  PERIOD  COVERED 

'*  Final 

Oct  1980  -  <u»p  mm 

•  PERFORMING  ORG.  REPORT *N UMBER 

• 

7  (29  Sep  1980  -  28  Sep  1981) 

VSE  Corporation 

i.  Contract  ok  o*»mt  humic*.)  “~ 

N00123-82-D-0149 

J3-11 

•  performing  organization  name  ano  adoress 

VSE  Corporation 

3410  South  A  Street 

Oxnard,  CA  93030 

10  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  O  WORK  UNIT  NUMBERS 

Y081 7-006-0 1-002 

H.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Naval  Civil  Engineering  Laboratory 

Port  Hueneme,  CA  93043 

13.  NUMBER  OF  PAGES 

U  MONITORING  AGENCY  NAME  A  AOORESVK  aillorent  Iron*  Controlling  Olhro) 

11.  SECURITY  CLASS  (ol  tbio  report) 

Unclassified 

II  DISTRIBUTION  STATEMENT  (ol  U*l a  Report) 

Approved  for  public  release;  distribution  unlimited 

IT.  DISTRIBUTION  STAT*mEnT  (ol  tho  mbatrect  entered  in  Block  20.  •!  Ollleront  from  Report) 

IB.  SUPPLEMENTARY  NOTES 

If.  KEY  WORDS  (Continue  on  rororoc  aide  I #  neceaaecr  an*  Identity  Of  block  number) 

Solid  waste  incineration.  Maintainability,  Reliability,  Heat 
recovery  incineration,  Long-term  performance.  Operating  cost. 
Performance 

Vf 

20  ABStMCT  (Continue  on  roeoeoo  aide  II  no  ce  a  eery  end  identity  by  block  number) 

This  report  addresses  the  long-term  evaluation  of  the  May- 
port  heat  recovery  Incinerator  program.  Operational  data  was 
collected  from  29  Sep  .1980  to  28  Sep  1981  and  then  analyzed  for 
reliability,  availability,  maintainability,  thermal  efficiency, 
and  operating  cost^^ 

DO  1473  toiTioH o»  i nov «•  it osiolitc  Unclassified 


SECURITY  CLASSIFICATION  OF  THIS  PAG*  <«*•*  Dio  KntoeoW) 


k 


TABLE  OF  CONTENTS 


SUBJECT  PAGE 

I.  -INTRODUCTION .  1 

A.  -Purpose . . . .  1 

B.  Scope . 1 

II.  SUMMARY .  2 

III.  TECHNICAL  DISCUSSION . 3 

IV.  DATA  ANALYSIS .  10 

A.  Reliability  Availability  Maintainability  (RAM) .  11 

B.  Long-term  Thermal  Efficiency.. .  13 

C.  Long-term  Cost-Effectiveness .  16 

D.  Long-term  Solid  Waste  Disposal  Efficiency .  20 

E.  Statistical  Evaluation .  21 

F.  Time  Categories .  23 

ACRONYMS/NOMENCLATURE .  24 

APPENDIX  A  -  Weekly  Summary  of  Data.. . A-l 

APPENDIX  B  -  Summary  of  Failures/Maintenance  Actions. . . . . . . .  B-l 


r''> r 

KIM  a* 

-i 

1  ?  :  -t  it  \  t-* tla? 

-  J 
□ 

!  7^ 

1  Bv  .  . . .  .  .  ..  .  —  — 

Distribution/ 

Availability  Codes 

|  **  and/or 

i;.Ut  Special 
s  1 

J&L_ _ 


1v 


I. 


INTRODUCTION 


The  Resource,  Conservation  and  Recovery  Act  (RCRA)  of  1976  mandates  the 
use  of  fuel  derived  from  recovered-material  to  the  maximum  extent  practicable 
in  Federally  owned  fossil  fuel-fired  energy  systems.  The  Naval  Station  (NS) 
Mayport,  Heat  Recovery  Incinerator  (HRI)  installation  is  one  of  two  facilities 
installed  to  recover  energy  from  solid  waste  generated  on  base.  The  other  is 
located  at  Naval  Air  Station  (NAS),  Jacksonville.  By  the  incineration  of  waste 
materials,  NS  Mayport  is  intended  to  reduce  landfill  problems,  and  generate 
steam  to  be  used  by  Naval  ships  at  port  as  well  as  shore  activities. 

A.  Purpose.  The  purpose  of  this  task  is  to  evaluate  the  performance  of 

the  HRI;  determine  Reliability,  Availability,  and  Maintainability  (RAM)  para- 

->> 

meters,  long-term  cost-effectiveness,  and  overall  thermal  efficiency  results 
will  be  used  to  develop  Navy  criteria  for  the  optimum  plant  design  in  the  SO 
ton  per  day  (TPD)  range. 

B.  Scope.  This  task  involved  condensing  operational  data  logged  for  a 
full  year  (29  September  80  to  28  September  81)  into  52  sets  of  weekly  data; 
hereafter  referenced  as  fiscal  year  81  (FY-81).  This  data  was  then  analyzed 
and  used  to  compute  RAM  parameters,  thermal  efficiency  and  operating  cost  of 
the  HRI  using  the  guidance  of  Naval  Civil  Engineering  Laboratory  (NCEL)  Memo¬ 
randum  M-63-80-11. 

To  condense  the  data  and  perform  the  analysis  and  subsequent  calculations 
a  thorough  understanding  of  the  functional  operation  of  the  HRI  was  required. 
These  efforts  were  supported  by  the  following  documents: 

(1)  "Memorandum  of  procedure  for  FY-81  evaluation  of  the  NS  Mayport 
HRI  for  Reliability  and  Maintainability",  by  Dr.  Suresh  C.  Garg,  Sept.  1980. 

(2)  "Test  and  Evaluation  of  the  Heat  Recovery  Incinerator  System  at 
Naval  Station,  Mayport,  Florida",  an  investigation  conducted  by  Systech  Corpo¬ 
ration,  May  1981. 
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(3)  "Operation  and  Maintenance  Manual:  Refuse  Incinerator  Mayport 
Naval  Station." 

In  addition,  during  a  site  visitation  numerous  conversations  with  HRI 
contractor  personnel  and  NCEL  HRI  project  personnel  provided  additional  infor¬ 
mation. 


II.  SUMMARY 


The  following  parameters  are  the  result  of  the  long-term  evaluation  of 
the  heat  recovery  incinerator  at  Navy  Station  Mayport,  Florida,  for  the  fiscal 
year  1981. 

A.  Reliability,  Availability,  Maintainability 


Function 

R* 

A0 

MTBF** 

(hrs) 

MTBMA 

(hrs) 

#  of 

Failures 

#  of 
Maint . 
Actions 

Incinerate  and  produce 
steam  with  solid  waste 

0.3858 

0.4890 

126 

89 

27 

11 

Incinerate  solid  waste 
only 

0.4768 

0.5414 

162 

110 

21 

10 

Produce  steam  without 
solid  waste 

0.7026 

0.5606 

340 

261 

10 

3 

♦Based  on  120  hour  mission 
♦♦Based  on  an  operating  time  of  3400  hours 

B.  Overall  HRI  System  Parameters 

Thermal  Efficiency  (TE) 

Specific  Total  Manhours  (STM) 

Average  Cost  of  Steam  (ACS) 

Percentage  Landfill  Reduction  (PLR) 


-  0.415 

*  0.497  manhours/106  Btu 

*  $9.13/106  Btu 
■  7  OX 
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C.  Breakdown  of  Time  Categories 

*  3400  hours  (Time  spent  operating  the  HRI) 

■  747  hours  (Time  spent  in  active  preventive  maintenance) 

Tc  ■  821  hours  (Time  spent  in  active  corrective  maintenance) 

Tj  *  1784  hours  (Time  the  HRI  was  idle  and  operational) 

Tg  =*  1985  hours  (Time  the  HRI  was  idle  and  not  operational) 

III.  TECHNICAL  DISCUSSION 

This  section  provides  a  summary  of  the  data  collected  and  the  resulting 
RAM,  efficiency  and  cost  parameters  for  the  NS  Mayport  HRI  installation  during 
FY-81. 

Table  1  provides  the  totals  of  the  various  times,  fuel,  water  and  waste 
consumed  and  the  steam  produced  during  the  test  period.  All  the  parameters 
represent  the  information  for  364  calendar  days  (i.e.  8736  hours)  and  260  op¬ 
erating  days  (i.e.  6240  hours).  Of  the  total  possible  hours  (8736),  the  HRI 
installation  spent  3400  hours  operating,  1568  hours  in  maintenance  (both  rou¬ 
tine  and  corrective),  and  3769  hours  of  idle  time  (operational  and  non-opera- 
tional  combined).  This  idle  time  is  made  up  mostly  of  weekends  and  holidays 
when  the  HRI  did  not  run.  Under  normal  operating  conditions,  the  HRI  was  idle 
from  midnight  Friday  night  until  midnight  Sunday  night  with  approximately  6 
hours  (calendar  time)  of  that  time  spent  in  scheduled  maintenance.  Appendix  A 
provides  the  detailed  weekly  values  of  this  data. 

Table  2  provides  the  description  of  the  maintenance  actions  that  occurred 
on  the  HRI.  A  maintenance  action  includes  any  task  that  requires  the  replace¬ 
ment  of  a  failed  component,  adjustment  or  unjamming  of  an  item,  and  any  other 


Table  1.  NS  Mayport  HRI  Summary  Data 


FY-81  Data  Base 

Value 

TIME  CATEGORY 

1. 

Calendar  Time  in  Operation  (incinerator,  boiler) 

3,400 

hours 

2. 

Calendar  Time  in  Operation  (overhead  crane, 
ash  conveyor  and  feed  ram) 

3,198 

hours 

3. 

Man-hours  spent  in  Operation 

10,686 

hours 

4. 

Calendar  time  in  Corrective  Maintenance 

197  (821) 

hours 

5. 

Man-hours  spent  in  Corrective  Maintenance 

606  (1,228) 

hour 8* 

6. 

Calendar  time  in  Routine  Maintenance 

747 

hour  8 

1 . 

Man-hours  spent  in  Routine  Maintenance 

780  (2,587) 

hours ^ 

8. 

Time  HRI  idle,  but  operational 

1,784 

hours 

9. 

Time  HRI  idle,  not  operational 

1,985 

hours 

FUEL,  WATER,  WASTE,  STEAM 

10. 

Fuel  waste  oil  consumed 

188,851 

gallons 

11. 

Fuel  oil  consumed 

981 

gallons 

12. 

Makeup  water  consumed 

3,778,500 

gallons 

13. 

Blowdown 

905,879 

gallons 

14. 

Solid  waste  incinerated 

3,576 

tons 

15. 

Solid  waste  rejected  (hand-picked) 

174 

tons 

16. 

Wet  ash 

947 

tons 

17. 

Fly  ash 

14 

tons 

18. 

Steam  produced 

24,584,199 

pounds 

Approximately  622  man-hours  were  spent  on  installation  problems  requiring 
corrective  maintenance  (i.e.f  problems  due  to  inadequate  design  rather 
than  faulty  equipment). 

Approximately  1,807  man-hours  were  spent  on  non-required  preventive  main¬ 
tenance  (i.e.,  preventive  maintenance  that  was  performed  in  addition  to 
scheduled  maintenance)  and  780  hours  spent  on  scheduled  maintenance. 

4 


action  necessary  to  restore  the  HRI  to  full  operation.  There  were  38  mainte¬ 
nance  actions  that  included  27  failures.  The  major  repetitive  maintenance 
actions  included  the  feed  ram  sticking,  crane  radio  electronics  failing,  and 
ash  conveyor  problems  (chain  off  sprocket  and  broken  shear  pins).  Appendix  B 
provides  a  detailed  listing  by  functional  area  for  each  of  the  maintenance 
actions. 


Table  2.  NS  Hayport  HRI  Maintenance  Action  Summary  Data. 


Equipment 

Failures 

Other 

1. 

Front-end  loader,  overhead  crane, 
feed  ram. 

hopper. 

8 

6 

2. 

Incinerator 

5 

2 

3. 

Ash  conveyor 

8 

2 

4. 

Boiler,  deaerator,  ID  fan 

_6 

JL 

TOTALS 

27 

11 

Function 

5. 

Incinerate  and  produce  steam  with 
waste  (requires  1-4  above) 

solid 

27 

11 

6. 

Incinerate  solid  waste  (requires 

1-3  above) 

21 

10 

7. 

Produce  steam  without  solid  waste 
2,  and  4  above) 

( requires 

10  * 

3 

♦Stoker  failure  removed  from  2  above 

for  this  function. 

Table  3  provides  the  RAM,  thermal  efficiency  and  cost  parameters  for  the 


period  of  time  covered  by  this  report. 

The  demonstrated  Mean-Time-Between-Failures  (MTBF)  for  the  entire  HRI 
installation  was  126  hours.  This  means  that  on  the  average  one  would  expect 
to  operate  for  126  hours  between  consecutive  failure  induced  shutdowns.  By 
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Table  3.  NAS  Mayport  HRI  RAM,  Thermal  Efficiency,  Cost. 


Parameter 


Value 


1.  Mean-Time-Between-Failures  (MTBF) 

a.  Incinerate  and  produce  steam  with  solid  waste  (MTBFj^) 

b.  Incinerate  solid  waste  (MTBF2) 

c.  Produce  steam  without  solid  waste  (MTBF3) 

2.  Mean-Time-Between-Maintenance  Actions  (MTBMA)  (includes 
failures  and  other  maintenance  actions  (i.e.  adjustments) 

a.  Incinerate  and  produce  steam  with  solid  waste  (MTBMA^) 

b.  Incinerate  solid  waste  (MTBMA2) 

c.  Produce  steam  without  solid  waste  (MTBMA3) 


126  hours 
162  hours 
340  hours 


89  hours 
110  hours 
261  hours 


3.  Reliability 

a.  Incinerate  and  produce  steam  with  solid  waste  (R^) 

b.  Incinerate  solid  waste  (R2) 

c.  Produce  steam  without  solid  waste  (R3) 

4.  Operational  Availability  (AQ) 

a.  Incinerate  and  produce  steam  with  solid  waste  (Aq^) 

b.  Incinerate  solid  waste  (AQ2) 

c.  Produce  steam  without  solid  waste  (Ad3) 

5.  Mean-Time-to-Repair  (MTTR) 

6.  Preventive  Maintenance  Ratio  (FMR) 

7.  Corrective  Maintenance  Ratio  (CMR) 


0.3858 

0.4768 

0.7026 


0.4890 

0.5414 

0.5606 


8  (30)  hours^ 
0.23  (0.76)2 
0.18  (0.36)3 


8.  Maintainability  Index  (MI)  0.41  (1.12) 

9.  Thermal  Efficiency  (TE)  0.415 

10.  Specific  Operating  Man-hours  (SOM)  0.366^ 

11.  Specific  Repair  and  Maintenance  (SRM)  Man-hours  0.31^ 

12.  Specific  Total  Man-hours  (STM)  0.497^ 

13.  Specific  Repair  and  Maintenance  Cost  (SRC)  $0.883 

14.  Specific  Consumable  Cost  (SCC)  $3.283 

15.  Average  Cost  of  Steam  (ACS)  $9. 13^ 


1 

2 

3 

4 

5 


More  representative  value  of  MTTR  is  8  hours.  See  discussion. 
More  representative  value  of  PMR  is  0.23.  See  discussion. 

More  representative  value  of  CMR  is  0. 18.  See  discussion. 
Labor  hours  per  10^  Btus 
Dollars  per  10°  Btus 
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evaluating  the  times  to  failure  data  and  applying  statistical  analysis  to  these 
times  a  90%  confidence  level  was  established.  The  90%  confidence  level  for  the 
observed  data  was  97  hours.  This  means  that  there  is  a  90%  confidence  that  the 
next  set  of  observed  data  (i.e.  the  mean)  will  be  at  least  97  hours.  Section 
IV  provides  a  detailed  discussion  of  this  statistical  manipulation. 

The  demonstrated  Mean-Time-Between  Maintenance  Actions  (MTBMA)  for  the 
entire  HRI  installation  was  89  hours.  This  means  that  on  the  average  one  would 
expect  to  operate  89  hours  and  then  require  a  maintenance  action  (i.e.  to  re¬ 
place  a  failed  item  or  unjam  an  item).  Maintenance  actions  include  all  correc¬ 
tive  actions  whether  or  not  a  failure  occurred. 

The  demonstrated  Reliability  (R)  for  the  entire  HRI  installation  was 
0.3858.  This  means  that  there  is  a  0.3858  probability  that  the  HRI  will  oper¬ 
ate  trouble-free  for  120  consecutive  hours  (5  days  at  24  hours)  during  a  nor¬ 
mal  operation  cycle. 

The  demonstrated  operational  availability  (Aq)  for  the  entire  HRI  in¬ 
stallation  was  0.4890.  This  means  that  there  is  a  0.4890  probability  that  the 
HRI  will  be  capable  of  performing  all  of  its  function  when  called  upon  at  any 
random  point  in  time. 

There  were  27  repairs  associated  with  the  27  failures  of  the  HRI  that 
were  used  in  the  Mean-Time-To-Repair  (MTTR)  computations  and  that  accounted 
for  1228  manhours  (821  calendar  hours).  Three  repairs  (622  manhours)  were 
more  associated  with  design  changes  (i.e.,  two  relief  stacks  and  one  drain 
piping)  and  were  removed  from  the  following  analysis.  In  addition,  there  was 
corrective  maintenance  time  associated  with  the  remaining  24  repairs  that  were 
not  directly  spent  on  the  failures.  These  times  were  also  removed  and  the 
results  provide  197  hours  of  calendar  time  spent  on  corrective  maintenance. 

This  produced  an  HRI  MTTR  of  8.2  hours. 
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This  indicates  that  on  the  average,  a  minimum  of  8  hours  (a  complete 
shift)  is  required  to  restore  a  failed  condition.  A  brief  discussion  of  each 
subsystems  maintenance  problems  follows. 

1.  Incineration  Subsystem.  MTTR  *  12.1  hours  (four  failures) 

The  four  incineration  subsystem  repair  times  ranged  from  6  to  16  hours. 
Two  ID  fan  damper  motor  failures  required  16  and  12  hours  of  active  repair 
time.  One  of  these  was  determined  to  have  been  caused  by  a  power  surge.  Tech¬ 
nical  assistance  was  required  from  Leeds  and  Northrup  for  both  failures.  Re¬ 
pair  costs  for  these  two  failures  totaled  over  $2700  which  represents  nearly  30 
percent  of  the  total  HRI  repair  parts  costs. 

2.  Processing  Subsystem.  MTTR  =  10.8  hours  (eight  failures) 

This  subsystem  consists  of  the  front-end  loader,  overhead  crane,  hop¬ 
per,  and  incinerator  ram  feed.  The  eight  subsystem  failures  were  divided  even¬ 
ly  between  the  overhead  crane  and  the  feed  ram  hydraulics.  Cumulative  active 
repair  times  were  48.5  and  37.9  hours  respectively.  The  most  serious  mainte¬ 
nance  burden  involved  repairing  worn  trolley  wheels  and  a  bad  receiver  board 
on  the  overhead  crane.  $1300  dollars  and  28  active  repair  hours  were  spent  to 
repair  this  problem. 

3.  Boiler  and  Ash  Removal  Subsystems.  MTTR  =5.5  and  5.0  (four  and 
eight  failures,  respectively). 

Relative  to  the  other  two  subsystems  both  of  these  subsystems  re¬ 
present  minor  maintenance  burdens.  The  most  frequent  failure  involved  broken 
shear  pins  which  protect  ash  conveyor  drive  components. 

The  Preventive  Maintenance  Ratio  (PMR)  of  0.76  appears  extremely  high. 
This  means  that  for  every  twenty-four  hours  of  operation,  eighteen  man-hours 
are  required  for  routine  (preventive)  maintenance.  The  PMR  ratio  is  deter¬ 
mined  by  dividing  the  man-hours  spent  on  preventive  maintenance  by  the  total 
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operating  time.  During  corrective  maintenance  and  HRI  idle  periods,  consider¬ 
able  amounts  of  preventive  (i.e.  routine)  maintenance  were  performed,  but  not 
necessarily  required.  When  the  HRI  was  not  operating,  the  personnel  on  shift 
would  perform  routine  maintenance  since  they  were  on  duty.  It  is  estimated 
and  substantiated  by  on-site  personnel  that  only  about  15  hours  maximum  per 
week  were  spent  on  required  routine  maintenance  (i.e.  blowdown,  cleanout  of 
second  combustion  chamber  and  fire  tubes).  This  would  translate  into  780 
hours  for  one  year.  The  revised  PMR  would  then  be  0.23.  This  appears  to  be 
a  more  realistic  value. 

The  Corrective  Maintenance  Ratio  (CMR)  was  0.36.  This  means  that  for 
every  twenty-four  hours  of  operation,  over  eight  man-hours  are  required  for 
corrective  maintenance.  The  CMR  ratio  is  determined  by  dividing  the  man-hours 
spent  on  corrective  maintenance  by  the  total  operating  time.  If  the  two  cor¬ 
rective  maintenance  tasks  mentioned  during  the  discussion  on  MTTR  (modifica¬ 
tion  to  the  relief  stack  and  changing  drain  piping)  were  deleted,  the  revised 
CMR  would  be  0.18. 

The  above  rationale  also  holds  true  for  the  Maintainability  Index  (MI). 
The  MI  for  the  HRI  installation  was  1.12.  This  means  that  for  every  twenty- 
four  hours  of  operation,  twenty-seven  man-hours  are  spent  on  corrective  and 
preventive  maintenance.  By  using  the  revised  PMR  and  CMR,  the  revised  MI  would 
be  0.41.  This  means  that  for  every  twenty-four  hours  of  operation,  that  ten 
man-hours  of  corrective  and  preventive  maintenance  time  will  be  required. 

The  overall  Thermal  Efficiency  for  the  HRI  was  0.415.  This  means  that 
for  every  BTU  entering  the  HRI  in  the  form  of  solid  waste  kilowatt  hours,  and 
fuel  oil;  a  little  less  than  half  a  BTU  was  released  in  the  form  of  steam. 
Thermal  Efficiency  is  determined  by  dividing  the  BTU's  of  steam  produced  by 
the  total  number  of  BTU  supplied  to  the  HRI. 
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In  calculating  the  average  cost  of  steam  (equation  38),  it  is  indicated 
that  to  produce  1,000,000  Btus  of  heat  over  FY81,  it  cost  $9.13.  This  equa¬ 
tion  takes  into  account  the  cost  of  repair  and  replacement  parts,  the  cost  of 
consumable  items  (i.e.,  water  treatment  chemicals,  fuel,  etc.)  and  labor  costs. 
Only  direct  labor  costs  were  considered  and  were  based  on  an  estimate  of  $10.00 
per  hour. 

Section  III  provides  the  computations  of  the  parameters  listed  in  table  3. 

The  long-term  solid  waste  disposal  efficiency  parameters  are  shown  in 
table  4.  The  data  used  was  extracted  from  Appendix  A  and  the  computations  are 
contained  in  Technical  Discussion  Section  D. 

Table  4.  Long-Term  Solid  Waste  Disposal  Efficiency 


1. 

Processing  rate  of  the  HRI  facility  in  tons 

per  hour. 

1.05 

2. 

Efficiency  of  steam  production  in  pounds  of 
of  solid  waste 

steam  per  pound 

3.44 

3. 

Efficiency  of  solid  waste  weight  reduction 

through  incineration 

0.735 

4. 

Efficiency  in  reducing  landfill  (by  weight) 
accepted  at  HRI 

for  solid  waste 

0.697 

IV. 

DATA  ANALYSIS 

The  calculations  of  the  various  parameters  contained  in  table  3  of  the 
Summary  used  the  equations  listed  in  reference  1.  Additional  manipulation  of 
the  data  was  required  to  provide  the  desired  RAM,  thermal  efficiency  and  cost 
parameters.  All  numbers  used  in  RAM  calculations  were  obtained  directly  from 
the  appendices,  numbers  used  in  TE  calculations  were  obtained  from  reference 
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(2)  and  thermodynamics  tables,  and  the  numbers  used  in  the  cost  factor  calcu¬ 
lations  were  obtained  from  documents  supplied  by  the  contractor  and  affiliated 
public  works  department.  The  following  provide  the  rationale  and  computation 
of  these  parameters. 

A.  RAM 

Three  separate  values  of  each  reliability  and  availability  parameter 
were  developed  to  represent  the  three  primary  missions  of  the  HRI.  The  fol¬ 
lowing  equations  were  used  to  compute  the  RAM  parameters  based  upon  data  ex¬ 
tracted  from  Appendices  A  and  B. 


RAM  Equations 


FY-81  Data  Base 


1. 

MTBF  =» 

Nf 

MTBF  f  = 

3399.46 

27 

126 

hours 

(1) 

where 

MTBF 2  = 

3399.46 

3 

162 

hours 

(2) 

21 

ta  =  operating  time  for 
specific  mission  (hours) 

mtbf3  * 

3399.46 

3 

340 

hours 

(3) 

10 

Nf  =  number  of  failures  - 
See  Table  2 

ca 

MTBMAj,  =» 

3399.46 

3 

89 

hours 

(4) 

2. 

MTBA  =  _ 

38 

Nma 

whe  re 

mtbma2  - 

3399.46 

=» 

110 

hours 

(5) 

31 

tg  =  operating  time  for 
specific  mission  (hours) 

mtbma3  » 

3399.46 

- 

262 

hours 

(6) 

13 


Nma  -  number  of  maintenance 
actions  -  See  Table  2 
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jggg 


FY-81  Data  Base 


RAM  Equations 


3.  R  *  e 

R1 

-  e‘120/126  -  0.3858 

(7) 

where 

R2 

.  e~ 120/ 162  »  0.4768 

(8) 

e  ■  naperian  base  (2.718) 

r3 

«  e- 120/ 340  .  0.7026 

(9) 

failure  rate  for  specific 
mission.  ■  1/MTBF 

tm  *  mission  time  (120  hours) 

4.  A„  -  C« 

Aol 

3399.46 

ca  +  cb  +  Cc  +  ce 

3399.46+747.14+820.68+1984.95 

-  0.4890 

(10) 

where 

Ao2  ” 

3198.46 

3198.46+747.14+721.37+1240.26 

-  0.5414 

(ID 

ta  *  operating  time  for 

ao3  " 

3399.46 

specific  mission  (hours) 

tfe  *  time  spent  in  routine 

3399.46+747. 14+557.68+1359.88 

maintenance  (hours) 

-  0.5606 

(12) 

tc  *  corrective  maintenance 
for  specific  mission 
te  ■  idle,  non-ope rational 

time  for  specific  mission 

5.  MTTR  ■  Cc  MTTR  “  "  8‘2  hours  (l3> 


where 

tc  ■  total  active  corrective 
maintenance  time  of 
repairs  - 

See  Appendix  A  Table  1 
Nr  •  number  of  repairs 

6.  PMR  -  Mtb  PMR  -  2587  -  0.76  (14) 

■=—  3400 

ca 

where 

Mtb  ■  man-hours  spent  on 
routine  maintenance 

tfl  ■  total  operating  time 
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RAM  Equations  (Continued) 
CMR  -  Mtc 

where 

Mtc  ■  man-hours  spent  on 

corrective  maintenance 

ta  “  total  operating  time 


FY-81  Data  Base 

CMR  -  1228  -  0.36  f!5) 

"3550 


8.  MI  -  Mtb  +  Mtc  MI  -  3815  -  1.12 

- r -  3400 

ta 

where 

ta  ■  total  operating  hours 

Mtb  *  man-hours  spent  on 
routine  maintenance 

Mtc  *  man-hours  spent  on 

corrective  maintenance 


(16) 


B.  Long-term  Thermal  Efficiency 

The  equation  for  long-term  thermal  efficiency  was  taken  directly 
from  reference  1  and  solved  using  the  information  from  Appendix  A. 

TE  *  M*5  X  hs  -  2-918  x  10i0  Btus  m  Q>415  ( 

Hbri  7.04  x  10*®  Btus 

where 

TE  “  Thermal  efficiency 

M^  ”  Steam  generated,  pounds 

hfl  3  Heat  of  steam,  Btu/pounds 

*  Btus  supplied  to  HRI 

is  determined  by  the  addition  of  the  heat  in  Btus  derived  from 
the  various  energy  sources  supplied  directly  to  the  HRI  or  consumed  indirectly. 
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RAM  Equations  (Continued) 


FY-81  Data  Base 


Equations  18-24  provide  for  the  individual  computation  of  heat  from  the 

various  energy  sources.  In  simplified  form, 

H  .  =  H  +  H  +  H  +H,  +  E+H 
hn  sw  vo  wo  f  t  w 

where 


(18) 


=  Btus  supplied  to  HRI 

Hgw  3  Heat  in  Btus  derived  from  solid  waste  and  supplied  to  HRI 

Hvo  »  Heat  in  Btus  derived  from  virgin  oil  and  supplied  to  HRI 

H  =  Heat  in  Btus  derived  from  waste  oil  and  supplied  to  HRI 

wo  r 

H^  =  Heat  in  Btus  from  fuel  oil  supplied  to  front-end  loader 

Et  *  Electrical  power  in  Btus  supplied  to  the  HRI 

tL,  =  Thermal  energy  in  Btus  of  the  makeup  water  supplied  to  the 
HRI 

Efficiency  Equations 

1.  Heat  derived  from  solid  waste. 

Hsw  *  ( hgy) (M 12 )  *  (5137  Btu/pound) (2000  pounds/ton) (3576. 28  tons)  (19) 

*  3.672  x  10l0Btu 

where 

Hsw  3  Heat  in  Btus  derived  from  solid  waste  and  supplied  to  HRI. 
hgw  =  Heating  value  of  solid  waste  in  Btu/pound 
M^2  =  Solid  waste  supplied  to  HRI  in  pounds 

2.  Heat  derived  from  virgin  oil. 

Hvo  *  (hyo) (m20^  “  barrel/42  gallons) (5.83  x  l06Btu/barrel)(981  gallons) 

3  1.362  x  108  Btu  (20) 
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Efficiency  Equations  (Continued) 
where 

Hvo  =  Heat  in  Btus  derived  from  virgin  oii  and  supplied  to  HRI 
hVQ  =  Heating  value  of  virgin  oil  in  Btu/pound 
M20  =  Virgin  oil  supplied  to  HRI  in  pounds 

3.  Heat  derived  from  waste  oil. 

Hwo  =  (Hwo)(M2|)  =  (19,673  Btu/pound) ( 6. 86  pound/gallon) ( 188,851  gallons) 

=  2.549  x  1010  Btu  (21) 

where 

Hwo  ■  Heat  in  Btus  derived  from  waste  oil  and  supplied  to  HRI 
hWQ  =  Heating  value  of  waste  oil  in  Btu/pound 
=  Waste  oil  supplied  to  HRI  in  pounds 

4.  Heat  derived  from  front-end  loader. 

*Hf  =  (h{)(M22)  =  0.021  x  1010  Btu  (22) 

where 

h^  =  Heating  value  from  fuel  oil  in  Btu/pound 

**22  31  Fue*  supplied  to  front-end  loader  in  pounds 

♦Estimated  value  based  on  information  given  by  plant  personnel. 

5.  Energy  equivalent  of  electrical  power  supplied  to  the  HRI. 

Et  =  (et)  (Tkwh)  =  ( 1# 964  x  io6  Btu/hour) (3400  hours)  (23) 

-  0.6852  x  1010  Btu 
whe  re 

Et  *  Electrical  power  in  Btus  supplied  to  the  HRI 
et  =  Conversion  factor  in  Btus/KwH 

Tkwh  =  Total  KwH  (kilowatt  hours)  supplied  to  the  HRI 
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Efficiency  Equations  (Continued) 


6.  Thermal  energy  of  makeup  water  supplied  to  the  HRI. 

Hy  ■  (hw)(N17)  ■  (48  Btu/pound)(8. 3  pounds/gal) (3, 778,500  gals)  (24) 

-  0.1505  x  1010  Btu 


where 

Hy  ■  Thermal  energy  in  Btus  of  the  makeup  water  supplied  to  the  HRI 

hy  *  Heating  value  of  water  in  Btu/pound 

■  Makeup  water  supplied  to  HRI  in  pounds 

The  following  provides  the  computation  for  Hhri: 

Hhri  *  (3.672  x  1010  Btu)  ♦  (1.362  x  10  8  Btu)  ♦  (2.549  x  1010  Btu)  (25) 

+  (0.021  x  1010  Btu)  +  (0.6852  x  1010  Btu)  ♦  (0.1505  x  1010  Btu) 

-  7.04  x  1010  Btus 


C.  Long-term  Cost-Effectiveness 

The  equations  for  long-term  cost-effectiveness  were  taken  directly  from 
reference  1  and  solved  using  the  information  from  Appendix  A. 


Cost  Equations 


FY-81  Data  Base 


1. 


Mt,  x  106  10,686  x  106 

SOM  -  -  _ 


M15  x  h,  (24,584, 199) ( 1 , 187) 


0.3662  man-hours/ 108Btus 

(26) 


where 

SOM  *  Specific  Operating  Man-hours 

Mta  ■  Man-hours  of  effort  spent  operating  the  HRI 
Mu  ■  Total  amount  of  steam  produced  (pounds) 
hg  *  Heating  value  of  the  steam  (Btu/pound) 
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Cost  Equations  (Continued)  FY-81  Data  Base 

Sum  -  <Mtb  +  Mtc  +  Mte>  *  l°6  .  314.5  x  106 

M15  x  h8  2.918  x  10i0  (27) 

*  0.1307  man-hours/ lO^Btu 

where 

SRM  “  Specific  Repair  and  Maintenance  Man-hours 

Mtjj  *  Man-hours  of  effort  spent  in  preventive  maintenance 

Mt£  ■  Man-hours  of  effort  spent  in  corrective  maintenance 

Mte  M  Man-hours  of  effort  spent  on  the  HR I  during  idle 

non-ope rational  downtime  (equal  to  zero  for  FY-81) 

M)5  “  Total  amount  of  steam  produced  (pounds) 

h8  ■  Heating  value  of  the  steam  (Btu/pound) 

STM  -  SOM  +  SRM  =■  (0.1307  +  0.3662)  (28) 

■  0.4969  man-hours/ lO^Btu 
where 

STM  -  Specific  Total  Man-hours 

SRC  -  (CP)UO6)  -  ^-5»— 3* 12  **°6  -  $0.88/106Btu  (29) 

M15  x  h,  2-918  x  1010 

where 

SRC  *  Specific  Repair  and  Maintenance  Cost 

CP  *  Total  cost  of  parts  used  in  repairs/replacements  and  mainte¬ 
nance 

**15  “  Total  amount  of  steam  produced  (pounds) 
hs  ■  Heating  value  of  steam  (Btu/pound) 


17 


During  FY-81,  the  cumulative  cost  for  repair  parts  was  $25,743.12.  One 
bill  for  the  repair  and  redesign  of  the  relief  stack  totaled  $12,000.  There 
was  no  cost  breakdown  for  labor  or  material.  It  was  estimated  that  $6000  was 
expended  for  labor  and  $6000  for  material.  The  $6000  for  material  is  part  of 
the  $25,743.12. 


5.  SCC  =  (CF  ♦  CCHIO6) 
m15  x  hs 

where 


$9 5, 8. 7 3.24  x  10  =  $3.28/10&Btu 

2.918  x  1010 


SCC  =  Specific  Consumable  Costs 

CF  =  Total  cost  of  fuel  used  (virgin  and  waste  oil,  diesel  and 
electrical  power) 

CC  *  Total  cost  of  consumable  supplies  not  included  in  CF 

=  Total  amount  of  steam  produced  (pounds) 

h  =  Heating  value  of  the  steam  (Btu/pound) 

8 


(30) 


The  breakdown  in  costs  and  quantities  used  for  the  one  year  operation  is 
as  follows: 

(1)  Water  treatment  chemicals 


Salt  =  (23,960  pounds)($2. 60/80  pounds) 

=  $  779 

(31) 

PO^  *  (448  pounds)($50. 64/100  pounds) 

=  $  227 

(32) 

SO3  =  (511.5  pounds) ( $29. 36/100  pounds) 

Subtotal 

*  $  140 
$1156 

(33) 

(2)  Electrical  power 

1  KwH  =  11,600  Btu 
1  KwH  ■  $  0.06 

Et  -  (0.6852  X  106  Btu)  (  $0. 06/KwH)  =*  $35,400  (34) 

(11,600  Btu/KwH) 
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(3)  Waste  oil 

188,851  gallons  consumed  @  $0. 30/gallon 

cost  for  waste  oil  =  (188,851  gallons)($0. 30/gallon)  ■  $56,655  (35) 

(4)  Virgin  oil 

981  gallons  consumed  @  $1. 12/gallon 

Cost  for  virgin  oil  =  (981  gallons)($l. 12/gallon)  =  $1,099  (36) 

(5)  Diesel  fuel 

649  gallons  consumed  @  $1. 22/gallon 

Cost  for  diesel  fuel  =  (649  gallons)($l. 22/gallon)  ■  $792  (37) 

(6)  Other  consumables 
Cost  estimated  at  $772 

(7)  Total 

The  cost  total  of  (1)  thru  (6)  is  $95,874 
6.  ACS  »  SRC  +  SCC  +  (STM  x  W)  «  $9.13/106  Btu  (3g) 

where 

ACS  =  Average  Cost  of  Steam 

SRC  =  Specific  Repairs  and  Maintenance  Cost 

SCC  =  Specific  Consumable  Cost 

STM  ■  Specific  Total  Man-hours 

W  =  Wages  in  dollars  per  hour  (based  on  an  estimate  derived  from 
public  works  job  orders  of  $10/hr.) 

D.  Long-term  Solid  Waste  Disposal  Efficiency 

The  efficiency  of  the  HRI  facility  to  reduce  the  volume  of  solid  waste 

that  would  otherwise  be  delivered  to  the  landfill  and  to  produce  steam  will  be 

determined  by  the  following  equations. 
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i.  PR 


(3750.28)  -  (174.005) 


1.052  tons/hour 


(39) 


,  m12 

t -  - 

A 

where : 

PR  *  Processing  race  of  the  HRI  facility  in  tons  per  hour 

m12  “  Solid  waste  burned  in  the  HRI  in  tons 

ta  *  HRI  operation  time  in  hours 

2.  SP  -  Ml5  =  24.584.199  -  3.44  (40) 

M12  7,152,560 

where 

SP  *  Efficiency  of  steam  production,  in  pounds  of  steam  per  pound 
of  solid  waste 

m12  s  Solid  waste  supplied  to  HRI,  in  pounds 
=  Steam  produced,  in  pounds 

3.  DR  =  Ml2  "  Ml4  -  (7,  152,560  -  1,893,720  =■  0.735  (41) 

M12  24,584,199 

where 

DR  =  Efficiency  of  solid  waste  weight  reduction  through  incinera¬ 
tion. 

m12  *  Solid  waste  burned  in  the  HRI,  in  pounds 
M14  *  Wet  as^  removed,  in  pounds 

=  Steam  produced,  in  pounds 

In  analyzing  the  long-term  cost-effectiveness,  the  incineration  process, 
and  the  production  of  steam  were  considered  together.  For  FY-81,  the  total 
amount  of  solid  waste  delivered  to  the  plant  was  7,500,570  pounds.  The  total 
sent  back  to  the  landfill  was  2,269,520  pounds.  Therefore,  the  percentage  of 
landfill  reduction  (PLR)  for  FY-81  was: 

-  100  x  [1  -  2,269,520  )  =>  70% 
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PLR  -  100  x  l-  (M3  *  Mlfr  *  Ma) 

M3  ♦  M 


7,500,570 


(42) 


where 


M3  ■  Amount  of  solid  waste  rejected  by  hand,  in  tons 

*  Amount  of  solid  waste  incinerated,  in  tons 

*  Amount  of  fly  ash  removed  by  the  dust  filter,  in  tons 

Mj^  *  Amount  of  wet  ash  removed,  in  tons 

The  amount  of  waste  delivered  to  the  HRI  minus  the  amount  of  waste  taken 
from  the  HRI  provides  an  index  for  landfill  savings  accomplished  by  incinera¬ 
tion.  This  number  for  FY-81  was  5,231,050  pounds  or  2,615.5  tons. 

E.  Statistical  Evaluation 

The  empirically  derived  MTBF  value  reported  in  Table  3  indicates 
that  on  the  average  the  HRI  operated  126  hours  until  failure  during  FY-81. 
Further  chi-square  statistical  analysis  utilizing  chi-square  distribution  and 
"time  to  failure"  data  was  performed  to  determine  the  lower  one-sided  90  per¬ 
cent  confidence  limit. 

Based  on  the  FY-81  data  and  the  assumption  of  an  exponential  distri¬ 
bution,  the  90  percent  confidence  MTBF  is  97  hours.  Thus,  there  is  a  90  per¬ 
cent  probability  that  the  same  equipment  operating  under  similar  conditions 
would  demonstrate  an  MTBF  of  97  hours  or  better.  It  should  be  noted  that  all 
27  reported  failures  were  entered;  including  those  which  resulted  in  equipment 
modification. 

Table  5  provides  the  distribution  of  the  times  to  failure  of  the  27 
failures  that  occurred  during  FY-81.  The  following  discussion  provides  the 
details  of  this  statistical  evaluation. 


Table  5.  NS  Mayport  HRI  Time  To  Failure 


Equipment  Time  To  Failure 

Data 

375.83 

68.5 

66.83 

16.92 

136.83 

6.17 

402.25 

23.00 

2.50 

115.17 

51.25 

11.69 

155.08 

185.25 

133.01 

242.25 

27.67 

196.25 

161.83 

146.33 

203.67 

24.50 

224.33 

42.83 

49.58 

69.17 

254.04 

To  estimate  the  lower  one-sided  confidence  limit  on  the  above  ob¬ 


served,  a  chi-square  distribution  technique  was  applied.  The  following  pro¬ 
vides  cursory  discussion,  equation  and  solution. 

ML1  =  - — - *  (43) 

x2(ot,  2r  +2) 

(2)  (3400)  -  6800  =■  97.26  hours 

x2( . 1 , 56)  69.92  (44) 

where 

M^i  =  Lower  one-sided  confidence  limit  on  MTBF 

9  .  .... 

xx  =  The  a  percent  point  of  the  chi-square  distribution  for 
(2r  +2)  degrees  of  freedom 

r  =  The  number  of  failures  accumulated  during  testing 
=  The  acceptable  risk  of  error 
1-a  =  Confidence  level 

T  =  Test  duration  (in  this  case  3400  hours) 

(a  =  .1  because  the  calculation  is  based  on  a  902  Confidence  level) 
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1  l.  -■ 


F.  Time  Categories 

During  the  evaluation  and  extraction  of  data,  manipulation  of  the  re¬ 
ported  time  categories  was  required  to  provide  the  proper  increments  of  time 
necessary  to  compute  the  various  RAM  parameters.  This  was  particularly  true 
during  periods  of  downtime  when  both  corrective  and  preventive  (routine)  main¬ 
tenance  was  performed.  The  reported  data  did  not  always  indicate  when  pre¬ 
ventive  or  corrective  maintenance  started  and  stopped  during  long  periods  of 
shutdown.  It  was  often  implied  that  the  entire  day  (i.e.  24  hours)  was  spent 
performing  both  corrective  and  preventive  maintenance.  The  data  from  such 
scenarios  were  modified  using  the  following  criteria.  It  was  estimated  that 
10  hours  out  of  each  24-hour  downtime  cycle  were  spent  on  actual  corrective 

maintenance  (t  )  and  the  remaining  14  hours  were  logged  under  t  ,  which 
c  e 

indicates  that  the  HRI  is  idle,  but  not  operational.  The  resulting  time 
categories  are  reflected  in  table  A-l  (Appendix  A).  This  technique  provides  a 
desired  sensitivity  to  ensure  more  realistic  RAM  data. 

During  these  lengthy  shutdowns  for  corrective  maintenance  the  three 
shifts  performed  preventive  maintenance  of  the  nature  that  was  desirable,  but 
not  required.  The  logs  showed  that  preventive  maintenance  was  performed  dur¬ 
ing  these  shutdown  periods.  To  correctly  solve  the  time  equation  for  the  HRI 
operation,  given  in  reference  1  and  listed  below,  the  time  categories  cannot 
overlap.  Therefore,  when  the  system  was  shutdown  for  corrective  maintenance 
and  some  preventive  maintenance  was  performed  concurrently,  the  time  was 
charged  only  to  corrective  maintenance. 

T  =  t  +  t,  +  t  +  t ,  +  t  =  8736  hours 
a  b  c  d  e 
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where : 


T  -  HRI  monitoring  period  FY-81  ■  364  days  (8736  hours) 
tfl  -  Operating  period,  hours 

t,  -  Calendar  time  spent  on  routine  maintenance 

D 

tc  -  Calendar  time  spent  on  repairs/replacement 
td  -  Idle  time,  HRI  operational  (but  not  used) 

tfi  -  Idle  time,  HRI  not  operational 
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ACRONYM/NOMENCLATURE  LIST 

Operational  availability  (see  equations  10-12) 

Total  cost  of  consumable  supplies  not  included  in  CF 

Total  cost  of  fuel  used  (virgin  and  waste  oil,  diesel,  and 
electrical  power) 

Corrective  Maintenance  Ratio  (see  equation  15) 

Total  cost  of  parts  used  in  repair,  maintenance,  and 
replacement 

Efficiency  of  solid  waste  weight  reduction  through 
incineration  (see  equation  41) 

Electrical  power  in  Btus  supplied  to  the  HRI  (see  equation  23) 
Base  of  Naperian  log  system  (2.718) 

Fiscal  Year  1981  (29  September  80  through  30  September  81) 

Heat  Recovery  Incinerator 

Heat  in  Btus  from  fuel  oil  supplied  to  front-end  loader  (see 
equation  22) 

Btus  supplied  to  HRI  (see  equations  18  through  25) 

Heat  in  Btus  derived  from  solid  waste  and  supplied  to  HRI  (see 
equation  19) 

Heat  in  Btus  derived  from  waste  oil  and  supplied  to  HRI  (see 
equation  20) 

Thermal  energy  in  Btus  of  the  makeup  water  supplied  to  the  HRI 
(see  equation  24) 

Heat  in  Btus  derived  from  waste  oil  and  supplied  to  the  HRI 
(see  equation  21) 

Heating  value  from  fuel  oil  in  Btu/pound 
Heating  value  from  solid  waste  in  Btu/pound 
Heating  value  from  virgin  oil  in  Btu/pound 
Heating  value  of  water  in  Btu/pound 
Heating  value  of  waste  oil  in  Btu/pound 


ACRONYM/NOMENCLATURE  LIST  (Continued) 


M, 


Mi 


*12 


M 


13 


M 


14 


15 


M 


17 


M 


19 


M 


20 


M 


21 


M22 

MI 

«L1 

Mta 

Mtb 

Mtc 

Mtd 

Mte 

MTBF 

MTBF 


as 


MTBF 


bs 


MTBF 


hri 


MTBF 


ht 


Average  total  heat  of  steam  produced  by  the  HRI,  Btu/pound 
Amount  of  solid  waste  arriving  at  tne  HRI  facility,  tons 
Amount  of  solid  waste  that  is  hand-rejected,  tons 
Solid  waste  supplied  to  HRI,  pounds  (M^  -  M^) 

Amount  of  fuel  and  waste  oil,  pounds 
Wet  ash  removed,  pounds 

Steam  produced  over  the  monitoring  period,  pounds 
Makeup  water  supplied  to  HRI,  pounds 
Blowdown,  pounds 

Virgin  oil  supplied  to  HRI,  pounds 

Waste  oil  supplied  to  HRI,  pounds 

Fuel  oil  supplied  to  front-end  loader,  pounds 

Maintainability  Index  (see  equation  6) 

Lower  one-sided  confidence  limit  on  MTBF  (see  equation  43) 

Man-hours  of  effort  spent  on  the  HRI  during  the  period  tfl 

Man-hours  of  effort  spent  on  the  HRI  during  the  period  tb 

Man-hours  of  effort  spent  on  the  HRI  during  the  period  tc 

Man-hours  of  effort  spent  on  the  HRI  during  the  period  td 

Man-hours  of  effort  spent  on  the  HRI  during  the  period  te 

Mean-Time-Between-Failures,  hours  (see  equations  1  through  3) 

Mean-Time-Between-Fai lures,  ash  handling  subsystem  (see 
equation  2) 

Mean-Time-Between-Failures,  boiler  subsystem  (see  equation  3) 

Mean-Time-Between-Failures,  heat  recovery  incinerator  (see 
equation  l) 

Mean-Time-Between-Failures,  heat  transfer  network 
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ACRONYM/NOMENCLATURE  LIST  (Continued) 


MTBF^g  -  Mean-Time-Between-Failures,  incinerator  subsystem 

» 

MTBFpS  -  Mean-Time-Between-Failures,  processing  subsystem 

MTBFrg  -  Mean-Time-Between-Failures,  receiving  subsystem 

MTTR  -  Mean-Time-to-Repair,  hours  (see  equation  7) 

MTBMA  -  Mean-Time-Between-Maintenance  Action,  hours  (see  equations  4-6) 

NAS  -  Naval  Air  Station 

NCEL  -  Naval  Civil  Engineering  Laboratory 

Nf  -  Number  of  failures  that  caused  shutdown  of  the  HRI  or  subsystem 

Nma  -  Number  of  maintenance  actions 

Nr  -  Number  of  repairs 

NS  -  Naval  Station 

PC  -  Processing  capacity  of  the  HRI  facility  in  tons  per  hour  (see 

equation  25) 

PLR  -  Percent  Landfill  reduction  (by  weight)  for  solid  waste 

accepted  at  HRI. 

PMR  -  Preventive  Maintenance  Ratio  (see  equation  4) 

R  -  Reliability  as  a  probability  (expressed  as  a  decimal) 

RAM  -  Reliability,  Availability,  and  Maintainability 

RCRA  -  Resource  Conservation  Recovery  Act 

Rp  -  Total  active  repair  time  spent  on  corrective  maintenance 

SCC  -  Specific  Consumable  Costs  (see  equation  30) 

SOM  -  Specific  Operating  Man-hours  (see  equation  26) 

SP  -  Efficiencies  of  steam  production  in  terms  of  pounds  of  steam 

per  pounds  of  solid  waste  (see  equation  40) 

SRM  -  Specific  Repairs  and  Maintenance  Man-hours  (see  equation  27) 

STM  -  Specific  Total  Man-hours  (see  equation  28) 


ACRONYM/NOMENCLATURE  LIST  (Continued) 

Total  monitoring  period,  hours 

Total  kilowatt  hours  supplied  to  the  HRI 

Overall  thermal  efficiency  (see  equation  17) 

HRI  operating  period,  hours 

Time  spent  in  routine  maintenance,  can  be  calendar  or  total 
time,  hours 

Time  spent  in  repairs/replacements,  can  be  calendar  or  total 
time,  hours 

HRI  idle  time  (operational),  hours 
HRI  idle  time  (not  operational),  hours 
Mission  time  for  Reliability  calculations,  hours 
Wages  in  dollars  per  hour 
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APPENDIX  A 
WEEKLY  SUMMARIES  OF 
NS  MAYPORT  HRI  DATA 
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TABLE  A-3.  BREAKDOWN  OF  WEEKLY  CONSUMPTION 
(MEASURED  IN  GALLONS) 
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blowdown,  gallon* 

solid  waste  delivered  to  facility,  tons 


table:  A-4.  weekly  solid  waste  rejected  ash,  and  steam  outputs 

(MEASURED  IN  POUNDS) 
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APPENDIX  B 

SUMMARY  OF  NS  MAYPORT 
HRI  FAILURES/MAINTENANCE  ACTIONS 


This  appendix  contains  a  composite  listing  of  the  failures  and  maintenance 
actions  reported  during  FY-81.  They  are  listed  in  two  sections:  shutdown- 
related,  and  not  related  to  shutdown.  Each  section  is  divided  into  four  equip¬ 
ment  group  categories;  boiler  equipment  failures,  incinerator-equipment  fail¬ 
ures,  ash  removal  equipment  failures,  and  front-end  processing- equipment 
failures.  Each  failure  is  listed  in  its  appropriate  section  and  category.  The 
weekly  time  interval  in  which  the  failure  occurred  is  provided  in  parenthesis. 

I .  HRI  Shutdown-Related  Failures 

The  failures  causing  shut-down  are  listed  below.  The  repetitive  failures 
during  the  year  were  the  broken  shear  pins,  the  ash  conveyor  and  ram  feed  prob¬ 
lems. 

A.  Boiler  Equipment  Failures 

1.  Hand  hold  plug  (17) 

2.  Drain  piping  (19) 

3.  Blowdown  valves  (25) 

4.  Boiler  tubes  (42) 

5.  Deaerator  tank  (48) 

B.  Incinerator  Equipment  Failures 

1.  Relief  stack  door  (4) 

2.  Relief  stack  refactory  (8) 

3.  Hydraulic  pump  (23) 

4.  Stoker  (27) 

5.  ID  fan  (38) 

6.  Damper  motor  #3  (39) 


C.  Ash  Removal  Equipment  Failures 

1.  Chain  off  sprocket  and  broken  shear  pin  (13) 

2.  Chain  off  sprocket,  4  broken  shear  pins,  and  2  drive  belts  (28) 

3.  End  plate  on  flight  bar  (39) 

D.  Receiving  and  Incinerator  Feed  Equipment  Failures 

1.  Shaft  seals  and  "0"  rings  in  ram  (7) 

2.  Ram  rod  packing  on  #1  cylinder  (37) 

3.  Ram  rod  packing  on  if 2  cylinder  (49) 

4.  Overhead  Crane  (receiver  board)  (30) 

5.  Hydraulic  ram  seal  packing  (32) 

II .  Failures  and  Maintenance  Actions  Not  Resulting  in  Shutdown 

Failures  and  maintenance  actions  not  resulting  in  shutdown  are  listed  be¬ 
low.  It  is  noted  that  failures  C-7,  C-8,  C-9,  D-2,  and  D-4  through  D-7  are 
actual  failures  of  the  equipment  and  in  these  cases,  waste  and/or  fuel  oil  was 
utilized  to  continue  the  heating  process  to  generate  steam. 

A.  Boiler  Equipment  Failure 

1.  Boiler  tubes  (slag  build-up)  (16) 

B .  Incerator  Equipment 

1. 


2. 


Tuyeres  and  tuyere  shoes  (16) 
Cooler  on  hydraulic  pump  (23) 


Receiving  and  Incinerator  Feed  Equipment  Failures 

1.  Ram  feeder  (stuck)  (1) 

2.  Ram  feeder  (stuck)  (3) 

3.  Ram  feeder  (stuck)  (3) 

4.  Ram  feeder  (stuck)  (3) 

5.  Ram  feeder  ("0"  ring)  (9) 

6.  Front-end  loader  (oil  leak)  (15) 

7.  Overhead  crane  (hinge  pin  in  clutch  assembly ,  (18) 

8.  Overhead  crane  (out  of  calibration)  (25) 

9.  Overhead  crane  (trolly  wheels  and  receiver  board)  (33) 

Ash  Removal  Equipment  Failures 

1.  Conveyor  off  of  sprocket  (1) 

2.  Debris  jammed  gear  and  broke  shear  pin  (14) 

3.  Chain  off  sprockets  due  to  large  chunk  of  metal  caught  under 

flight  bar  (17) 

4.  Chain  off  of  sprocket,  broken  shear  pin  (22) 

5.  4  flight  bars  and  2  shear  pins  broken  (22) 

6.  Conveyor  drive  belt  broke  (25) 

Chain  off  sprocket,  broken  drive  belt,  bent  flight  bars  (46) 


7. 


DISTRIBUTION  LIST 
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AF  HO  LEEEU,  Washington,  DC 

AFB  (AFIT/LDE),  Wright  Patterson  OH;  ADTC(AFSC)  (Hathaway)  Tyndall,  FL;  AF  Tech  Office  (Mgt  & 
Ops).  Tyndall,  FL;  DET  Wright-Patterson  OH;  HO  AFSC/DEEE  Andrews  AFB  MD;  SAMSO/MNND, 
Norton  AFB  CA;  Samso/Dec  (Sauer)  Vandenburg.  CA;  Scol  of  Engrng  (AFIT/DET);  Stinfo  Library,  Offutt 
NE;  W.  McFaul.  Dover  DE 
AFWL  CE  Div..  Kirtland  AFB  NM 

ARMY  AFZI-FE-E.  Fort  Geo  G.  Meade.  MD;  ARRADCOM,  Dover,  NJ;  Contracts  -  Facs  Engr  Directorate, 
Fort  Ord,  CA;  DAEN-CWE-M,  Washington  DC;  DAEN-MPE-D  Washington  DC;  DAEN-MPU, 

Washington  DC;  ERADCOM  Tech  Supp  Dir.  (DELSD-L)  Ft.  Monmouth.  NJ;  Engr  District  (Memphis) 
Library,  Memphis  TN;  HQDA  (DAEN-FEE-A);  Install  Suppact  Europe,  AEUES-RP  APO  New  York; 
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ASO  PWO,  Philadelphia  PA 

ASST  SECRETARY  OF  THE  NAVY  R&D  Washington.  DC 
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BUREAU  OF  RECLAMATION  Code  IS  12  (C.  Selander)  Denver  CO 
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CINCPACFLT  SCE.  Pearl  Harbor  HI 
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CNM  Code  MAT-04.  Washington,  DC;  Code  MAT-OSE.  Washington.  DC;  NMAT  -  044.  Washington  DC; 

NMAT  -  08T242  Washington.  DC;  NMAT  08T4  (P.B.  Newton).  Washington  DC 
CNO  Code  NOP-964.  Washington  DC;  Code  OP  987  Washington  DC;  Code  OP-413  Wash.  DC;  Code  OP4S2. 
Washington  DC;  Code  OPNAV  09B24  (H);  NOP-44.  Shore  Installations  Div.  Wash..  DC;  OP-098. 
Washington.  DC;  OP987J.  Washington.  DC 
COMFAIRMED  SCE.  Code  NS5.  Naples  IT 
COMFLEACT.  OKINAWA  PWO.  Kadena.  Okinawa 
COMFLTAIR  SCE  (Code  321)  Atsugi  JA 
COMNAVLOGI’AC  SCE.  Pearl  Harbor  HI 
COMNAVMARIANAS  Code  N4.  Guam 
COMNAVSUPPFORANTARCTICA  PWO 
COMOCEANSYSPAC  SCE.  Pearl  Harbor  HI 
DEFENSE  DEPOT  OGDEN  PWO.  Ogden.  UT 
DEFENSE  ELEC  SUP  CEN  PWO.  Dayton  OH 
DN1.  Washington  DC 

DOD  Staff  Spec.  Chem.  Tech.  Washington  DC 

DOE  F.F  Parry.  Washington  DC;  INEL  Tech.  Lib.  (Reports  Section).  Idaho  Falls.  ID 
DTK'  Defense  Technical  Info  Ctr/ Alexandria.  VA 
DTNSRDC  Code  322  (Library).  Annapolis  MD 
DTNSRDC  PWO 

ENVIRONMENTAL  PROTECTION  AGENCY  A-104  (LCDR  J.M.  Stevens)  Wash.  DC;  Reg.  I  Library. 

Boston  MA;  Reg.  II  Library.  New  York;  Reg.  Ill  Library.  Philadelphia  PA;  Reg.  VIII.  8M-ASL.  Denver 
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MARINE  CORPS  BASE  Code  4.01  (Asst  Chief  Engr)  Camp  Pendleton.  CA;  Code  406.  Camp  Lejeune,  NC: 
Maint  Off  Camp  Pendleton.  CA;  PWD  -  Engr  Div  Dir.  Camp  LeJeune.  NC;  PWO,  Camp  Pendleton  CA; 
PWO.  Camp  S.  D.  Butler.  Kawasaki  Japan 

MCAS  Code  44.  Cherry  Point  NC;  Facil.  Engr  Div.  Cherry  Point  NC;  CO.  Kaneohe  Bay  HI;  Code  1JF  El 
Toro,  Santa  Ana.  CA;  Code  S4.  Quantico  VA;  PW  Inspection  Branch.  El  Toro.  Santa  Ana  CA;  PWO. 
Ivvakuni.  Japan;  PWO,  Yuma  AZ 
MCLB  PWO.  Barstow  C'A 

NAF  PWD  -  Engr  Div,  Atsugi,  Japan;  PWO.  Atsugi  Japan:  PWO.  Mount  Clemens  Ml 

NAS  Asst  PWO.  Glenview.  IL;  Code  114.  Alameda  CA;  Code  183  (Fac.  Plan  BR  MGR);  Code  183. 

Jacksonville  FL;  Code  I83P  (J.  Howald).  Corpus  Christi  TX;  Code  187.  Jacksonville  FL;  Code  18709, 
Brunswick  ME;  Code  70.  Atlanta.  Marietta  GA:  Code  8E.  Patuxent  Riv.,  MD:  Dir  of  Engrng.  PWD, 

Corpus  Christi.  TX;  Engr  Div  Dir.  Meridian  MS;  Takchurst.  NJ;  PWD  -  Engr  Div  Dir,  Millington.  TN; 

PWD  -  Engr  Div.  Kingsville.  TX;  PWD  -  Engr  Div.  Oak  Harbor.  WA;  PWD.  Willow  Grove  PA;  PWO 
(Code  18.2),  Bermuda:  PWO  Belle  Chasse.  LA:  PWO  Chase  Field  Bccville.  TX;  PWO  Jacksonville,  FL; 

PWO  Key  West  FL;  PWO  Lakehurst.  NJ;  PWO  Patuxent  River  MD;  PWO  Point  Mugu.  CA;  PWO  Sigonella 
Sicily;  PWO  Whidbey  Is,  Oak  Harbor  WA;  PWO  Whiting  Fid.  Milton  FL;  PWO.  Aux  Fallon.  NV;  PWO, 
Cecil  Field  FL;  PWO.  Corpus  Christi  TX;  PWO.  Dallas  TX:  PWO.  Kingsville  TX:  PWO,  Millington  TN; 
PWO,  Miramar.  San  Diego  CA;  PWO,  Oceana.  Virginia  Bch  VA;  PWO,  So.  Weymouth  MA;  ROICC  Key 
West  FL;  SCE  Norfolk.  VA;  SCE  Norfolk.  VA;  SCE  Pensacola.  FL:  SCE.  Barbers  Point  HI 
NATL  ACADEMY  OF  SCIENCES  R  S  Shane  (Nat  I  Matl  Adv  Bd)  Springfield.  VA 
NATL  BUREAU  OF  STANDARDS  Demolski  Washington.  DC 
NATL  RESEARCH  COUNCIL  Naval  Studies  Board.  Washington  DC 
NAVACT  PWO.  London  UK 
NAVACTDET  PWO.  Holy  Lock  UK 
NAVADMINCOM  PWO  Code  50,  Orlando  FL 
NAVAIRDEVCEN  OIOROICC.  Warminster  PA 
NAVAIRPROPTESTCEN  CO.  Trenton.  NJ 
NAVAVIONICFAC  PWD  Deputy  Dir  D70I.  Indianapolis.  IN 
NAVCOASTSYSCEN  Librarv  Panama  Citv.  FL;  PWO  Panama  City.  FL 
NAVCOMMAREAMSTRSTA  PWO.  Norfolk  VA;  SCE.  Wahiawa  HI 

NAVC'OMMSTA  Code  401  Nea  Makri.  Greece:  Library.  Diego  Garcia  Island:  OICC.  Nea  Makri  Greece;  PWO 
Nea  Makri.  Greece 
NAVDET  PWO.  Souda  Bay  Crete 

NAVEDTRAPRODEVCEN  Technical  Library.  Pensacola.  FL 
NAVEDUTRACEN  Engr  Dept  (Code  42)  Newport.  RI:  PWO  Newport  Rl 
NAVELEXSYSCOM  Code  ELEX  103  NAVFAC'ENGCOORD.  Washington.  DC 

NAVFAC  CO  (Code  N67).  Argentia  Newfoundland;  PWO  Pacific  Beach  WA:  PWO,  Antigua:  PWO.  Brawdv 
Wales  UK:  PWO.  Centerville  Bch,  Ferndale  CA:  PWO.  Coos  Head.  Charleston  OR:  PWO.  Point  Sur,  Big 
Sur  CA 

NAVFACENGCOM  Code  03  Alexandria.  VA:  Code  03T  (Essoglou)  Alexandria.  VA;  Code  043  Alexandria. 

VA;  Code  0432A  (Andersen)  Alexandria.  VA;  Code  044  Alexandria.  VA:  Code  0451  (P  W  Brewer) 
Alexandria.  Va;  Code  0454B  Alexandria.  Va;  Code  (MAI  Alexandria.  VA.  Code  04B3  Alexandria.  VA: 

Code  05IA  Alexandria.  VA;  Code  09M54.  Technical  Library.  Alexandria.  VA:  Code  100  Alexandria.  VA: 
Code  103B:  Code  1113.  Alexandria.  VA;  Code  I IIA  Alexandria.  VA;  Morrison  Yap.  Caroline  Is.:  OICC 
Field  Office  Ponape.  ECI:  OICC  Field  Office  Ponape.  EC1;  ROICC  Code  495  Portsmouth  VA:  code  08T 
Alexandria.  VA 

NAVFACENGCOM  -  CHES  DIV.  Code  101  Wash.  DC;  Code  406  Washington  DC;  Library.  Washington.  D  C. 
NAVFACENGCOM  -  LANT  DIV.  Code  111.  Norfolk,  VA:  Code  403.  Norfolk.  VA:  Code  405  Civil  Engr  BR 
Norfolk  VA;  Eur.  BR  Deputy  Dir.  Naples  Italy;  Library.  Norfolk.  VA;  RDT&ELO  I02A.  Norfolk.  VA 
NAVFACENGCOM  -  NORTH  DIV.  (Boretsky)  Philadelphia.  PA;  Asst.  Dir..  Great  Lakes  IL;  Code  (M 

Philadelphia.  PA;  Code  09P  Philadelphia  PA;  Code  1028,  RDT&ELO,  Philadelphia  PA;  Code  II.  Phila  PA; 
Code  111  Philadelphia.  PA;  Code  114  (A.  Rhoads);  Library.  Philadelphia.  PA;  ROICC.  Contracts.  Crane  IN 
NAVFACENGCOM  -  PAC  DIV.  (Kyi)  Code  101.  Pearl  Harbor.  HI:  CODE  09P  PEARL  HARBOR  HI;  Code 
402.  RDT&E.  Pearl  Harbor  HI;  Commander.  Pearl  Harbor.  HI;  Library.  Pearl  Harbor.  HI 
NAVFACENGCOM  -  SOUTH  DIV.  CO.  Charleston  SC;  Code  406  Charleston.  SC;  Code  90.  RDT&ELO. 
Charleston  SC;  Library,  Charleston,  SC 

NAVFACENGCOM  -  WEST  DIV.  AROICC,  Contracts,  Twentynine  Palms  CA;  Asst  Dir.  San  Diego  Branch: 
Code  04B  San  Bruno,  CA;  Code  101.6  San  Bruno.  CA;  Code  1121  San  Bruno.  CA;  Code  I14C.  San  Diepo 
CA;  Code  405  Civil  Engr  BR  San  Bruno  CA;  Code  405  San  Bruno.  CA;  Contracts.  AROICC,  Lemoore  CA; 
Library.  San  Bruno.  CA;  O9P/20  San  Bruno.  CA;  RDT&ELO  Code  2011  San  Bruno.  CA;  Seattle  Br.  Dir.. 
Seattle  WA 

NAVFACENGCOM  CONTRACT  AROICC  NAS.  Moffett  Field.  CA:  AROICC.  Adak.  AK;  AROICC.  Code 
1042.2,  Vallejo  CA;  AROICC.  NAVSTA  Brooklyn.  NY;  AROICC.  Point  Mugu  CA;  AROICC.  Ouantico. 

VA;  AROICC.  Whidbey  Is.  Oak  Harbor.  WA;  Dir.  Eng.  Div.,  Exmouth.  Australia;  Dir.  of  Constr, 

Tupman.  CA;  Eng  Div  dir.  Southwest  Pac.  Manila,  PI;  OICC  Mid  Pacific.  Pearl  Harbor  HI;  OICC  Trident. 
Alexandria  VA;  OICC.  Guam:  OICC,  Madrid.  Spain;  OICC-ROICC,  NAS  Oceana.  Virginia  Beach.  VA; 
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OICC/ROICC.  Balboa  Panama  Canal;  OICC/ROICC.  MCAS.  Cherry  Point.  NC;  R40  AROICC  Puget  Sound 
Shpvd;  ROICC  AF  Guam;  ROICC.  Keflavik.  Iceland;  ROICC,  NAS,  Corpus  Christi,  TX;  ROICC,  Pacific, 
San  Bruno  CA;  ROICC-OICC-SPA.  Norfolk.  VA 
NAVFORCARIB  Commander  (N42),  Puerto  Rico 
NAVMAG  SCE.  Subic  Bay.  R.P 
NAVMEDRSCHU  3  PWO.  Cairo  U.A.R 
NAVOCEANSYSCEN  Code  4473B  (Tech  Lib)  San  Diego,  CA 
N A VORDM ISTESTF AC  Fac  Supp  Div,  White  Sands  Missile  Range.  NM 
NAVORDSTA  PWO.  Louisville  KY 
NAVPGSCOL  PWO  Monterey  CA 

NAVPHIBASE  CO,  ACB  2  Norfolk.  VA;  OICC/ROICC.  Norfolk.  VA;  PWO  Norfolk,  VA;  SCE  Coronado, 
SD.CA 

NAVRADSTA  PWO  Jim  Creek.  Oso  WA 

NAVREGMEDCEN  Chief.  PW  Service  Philadelphia.  PA;  PWO  -  Engr  Div.  Camp  Lejeune,  NC;  PWO  Newport 
RI;  PWO.  Camp  Lejeune  NC 
N A VSCOLCECOFF  C35  Port  Hueneme.  CA 
NAVSCSOL  PWO.  Athens  GA 

N AVSECG RU ACT  PWO  Winter  Harbor  ME;  PWO.  Adak  AK;  PWO,  Skaggs  Is,  Sonoma  CA;  PWO.  Torri 
Sta.  Okinawa 

NAVSHIPYD  Code  106  Portsmouth.  VA;  Code  202.4.  Long  Beach  CA;  Code  202.5  (Library)  Puget  Sound, 
Bremerton  WA;  Code  380.  Portsmouth.  VA;  Code  382.3.  Pearl  Harbor.  HI;  Code  400,  Puget  Sound;  Code 
440  Portsmouth  NH;  Code  440.  Norfolk:  L.D.  Vivian;  LTJG  R.  Lloyd.  Vallejo  CA;  PW  Dept.  Long  Beach. 
CA;  PWD  (Code  420)  Dir  Portsmouth.  VA;  PWD  -  Utilities  Supt.  Code  903.  Long  Beach,  CA;  PWO 
Charleston  Naval  Shipyard,  Charleston  SC;  PWO,  Bremerton,  WA;  PWO,  Mare  Is.;  PWO.  Portsmouth  NH: 
PWO.  Puget  Sound;  Tech  Library,  Vallejo.  CA:  Utilities  &  Energy  Cons.  Mgr  Code  108.1.  Pearl  Harbor, 

HI 

NAVSTA  Adak.  AK;  Code  4,  12  Marine  Corps  Dist.  Treasure  Is..  San  Francisco  CA;  Dir  Engr  Div.  PWD. 
Mayport  FL;  Engr.  Dir..  Rota  Spain;  Maintenance  Div.,  Rota,  Spain;  PWD  •  Engr  Dept.  Adak.  AK;  PWD  - 
Engr  Div,  Midway  Is.:  PWO,  Adak.  AK:  PWO.  Brooklyn  NY;  PWO.  Keflavik  Iceland:  PWO.  Mayport  FL; 
SCE.  Pearl  Harbor  HI;  SCE.  San  Diego  CA 
NAVSUBASE  ENS  S  Dove.  Groton.  CT 
NAVSUPPACT  SCE.  Mare  Is..  Vallejo  CA 

NAVSUPPFAC  PWD  •  Maim.  Control  Div.  Thurmont,  MD;  PWO.  Thurmont  MD 
NAVSURFWPNCEN  PWO.  Dahlgren  VA;  PWO.  White  Oak,  Silver  Spring.  MD 
NAVUSEAWARENGSTA  PWO.  Keyport  WA 
NAVWARCOL  Dir.  of  Facil..  Newport  RI 

NAVWPNCEN  Code  2636  China  Lake;  Code  3803  China  Lake.  CA;  PWO  (Code  266)  China  Lake.  CA; 

ROICC.  Code  7002.  China  Lake  CA 

NAVWPNSTA  Code  092.  Colts  Neck  NJ:  Code  092.  Concord  CA;  Engrng  Div.  PWD  Yorktown.  VA 
NAVWPNSTA  PW  Office  Yorktown.  VA 

NAVWPNSTA  PWD  -  Maint.  Control  Div..  Concord,  CA;  PWO  Colts  Neck.  NJ;  PWO.  Charleston.  SC;  PWO. 
Seal  Beach  CA 

NAVWPNSUPPCEN  Code  09  Crane  IN 
NSC  SCE.  Charleston,  SC 

NCBC  Code  15.  Port  Hueneme  CA:  Code  155.  Port  Hueneme  CA;  Code  156.  Port  Hueneme.  CA;  Code  25111 
Port  Hueneme,  CA:  NEESA  Code  252  (P  Winters)  Port  Hueneme.  CA;  PWO  (Code  80)  Port  Hueneme. 

CA:  PWO  Gulfport,  MS;  PWO,  Davisville  RI;  Port  Hueneme  CA 
NMCB  1.  CO 

NOAA  Library  Rockville.  MD 
NRL  Code  5800  Washington.  DC 

NSC  Code  703  (J.  Gammon)  Pearl  Harbor,  HI;  SCE  (Code  70),  Oakland  CA 

NSD  PWD  -  Engr  Div.  Guam 

NSWSES  Code  0150  Port  Hueneme.  CA 

NTTS  Lehmann.  Springfield.  VA 

NUSC  PWO  Newport.  RI 

OFFICE  SECRETARY  OF  DEFENSE  ASD  (H&E)  Pentagon  (Director  Categorical  Programs).  Washing; 

DASD  (I&H)  IC  Pentagon;  OASD  (MRA&L)  Dir.  of  Energy,  Pentagon,  Washington.  DC 
ONR  Code  700F  Arlington  VA;  LCDR  Williams.  Boston,  MA 
PACMISRANFAC  HI  Area  Bkg  Sands.  PWO  Kekaha.  Kauai.  HI 

PWC  CO  Norfolk,  VA;  CO  Yokosuka,  Japan;  CO.  (Code  10).  Oakland.  CA;  CO.  Pearl  Harbor  HI;  CO.  San 
Diego  CA;  CO,  Subic  Bay,  R.P.;  Code  10,  Great  Lakes.  1L;  Code  101,  San  Diego.  CA;  Code  105  Oakland. 
CA;  Code  110.  Great  Lakes.  IL;  Code  110.  Oakland.  CA;  Code  120.  Oakland  CA;  Code  120.  San  Diego 
CA;  Code  120C,  (Library)  San  Diego,  CA;  Code  154,  Great  Lakes.  IL;  Code  240.  Subic  Bay.  R.P.;  Code 
30V,  Norfolk.  VA;  Code  400,  Great  Lakes.  IL;  Code  400,  Pearl  Harbor,  HI;  Commanding  Officer.  Guam; 
Code  505A  Oakland,  CA;  Library.  Guam;  Library,  Norfolk.  VA;  Library,  Oakland.  CA;  Library,  Pearl 
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Harbor.  HI;  Library,  Pensacola,  FL;  Library,  Subic  Bay,  R.P.;  Library,  Yokosuka  JA;  Maim.  Control  Dept 
(R.  Fujii)  Pearl  Harbor,  HI;  Util  Dept  (R  Pascua)  Pearl  Harbor,  HI 
SCS  ENGINEER  Long  Beach,  CA 
SPCC  PWO  (Code  120)  Mechanicsburg  PA 
SUPANX  PWO,  Williamsburg  VA 
AF  HO  USAFE/DEE,  Ramstein  GE 

US  FORCES,  JAPAN  Environmental  Coordinator  Yokota  AB;  Nakahara  Honshu 
USDA  Forest  Products  Lab,  Madison  WI;  Forest  Service,  Bowers,  Atlanta,  GA 

USNA  Ch,  Mech.  Engr.  Dept  Annapolis  MD;  ENGRNG  Div,  PWD,  Annapolis  MD;  Energy-Environ  Study 
Grp.  Annapolis.  MD;  Environ.  Prot,  R&D  Prog.  (J.  Williams).  Annapolis  MD;  NAVSYSENGR  Dept. 
Annapolis,  MD;  PWO  Annapolis  MD 
ALABAMA  ENERGY  MGT  BOARD  Montgomery,  AL 
ARIZONA  State  Energy  Programs  Off.,  Phoenix  AZ 
CALIFORNIA  STATE  UNIVERSITY  LONG  BEACH.  CA  (CHELAPAT1) 

COLORADO  STATE  UNIV„  FOOTHILL  CAMPUS  Fort  Collins  (Nelson) 

DAMES  &  MOORE  LIBRARY  LOS  ANGELES.  CA 

HAWAII  STATE  DEPT  OF  PLAN.  &  ECON  DEV.  Honolulu  HI  (Tech  Info  Ctr) 

ILLINOIS  Pollution  Control  Bd,  Chicago.  IL 
KEENE  STATE  COLLEGE  Keene  NH  (Cunningham) 

LOUISIANA  DIV  NATURAL  RESOURCES  &  ENERGY  Div  Of  R&D,  Baton  Rouge.  LA 
MAINE  OFFICE  OF  ENERGY  RESOURCES  Augusta,  ME 
MISSOURI  ENERGY  AGENCY  Jefferson  City  MO 
MIT  Cambridge  MA 

MONTANA  ENERGY  OFFICE  Anderson,  Helena,  MT 

NATURAL  ENERGY  LAB  Library,  Honolulu.  HI 

NEW  HAMPSHIRE  Concord  NH  (Governor's  Council  on  Energy) 

NYS  EMERGENCY  FUEL  OFFICE  Albany  NY  (Butler) 

NYS  ENERGY  OFFICE  Albany,  NY;  Library.  Albany  NY 

NYS  ENERGY  R&D  AUTH  Albany,  NY 

PURDUE  UNIVERSITY  Lafayette,  IN  (CE  Engr.  Lib) 

CONNECTICUT  Hartford  CT  (Dept  of  Plan.  &  Energy  Policy) 

SOUTH  DAKOTA  ENERGY  Off  of  Energy  Policy  (Wegman)  Pierre  SD 
STATE  OF  CALIF.  Solid  Waste  Mgmnt  Bd  Sacramento.  CA 
STATE  UNIV.  OF  NEW  YORK  Buffalo.  NY 
TENNESSEE  ENERGY  AUTHORITY  Nashville.  TN 
UNIVERSITY  OF  CALIFORNIA  Energy  Engineer.  Davis  CA 
UNIVERSITY  OF  ILLINOIS  URBANA.  IL  (LIBRARY) 

UNIVERSITY  OF  MASSACHUSETTS  (Heronemus),  ME  Dept,  Amherst.  MA 
VENTURA  COUNTY  PWA  (Brownie)  Ventura,  CA;  Plan  Div  (Francis)  Ventura.  CA 
AUSTRALIA  Alno.  USA  Meradcom  Ft.  Belvoir.  VA 
CHEMED  CORP  Lake  Zurich  IL  (Dearborn  Chem.  Div. Lib.) 

FORD.  BACON  &  DAVIS.  INC.  New  York  (Library) 

MIDLAND-ROSS  CORP.  TOLEDO.  OH  (RINKER) 

POTOMAC  ENERGY  GRU  (Naismith)  Alexandria.  Va 

RAYMOND  INTERNATIONAL  INC.  E  Colie  Soil  Tech  Dept.  Pennsauken.  NJ 
3  M  Technical  Library.  St.  Paul,  MN 

TEXTRON  INC  BUFFALO.  NY  (RESEARCH  CENTER  LIB.) 

UNITED  KINGDOM  LNO.  USA  Meradcom,  Fort  Belvoir.  VA 

UNITED  TECHNOLOGIES  Windsor  Locks  CT  (Hamilton  Std  Div.,  Library) 

WESTINGHOUSE  ELECTRIC  CORP.  Annapolis  MD  (Oceanic  Div  Lib,  Bryan) 

SOCHA  Somers,  CT 
WALTZ  Livermore,  CA 


